Objective: To characterize demographic and clinical features in pregnant women presenting with acute headache, and to identify clinical features associated with secondary headache.
frequent, and differentiating between a severe headache as a manifestation of preexisting migraine and a newly acquired, more ominous disorder may be difficult. Guidelines do not exist for diagnostic strategies in this patient population, developed algorithms are not validated, 14, 15 and clinical series describing demographics, symptomatology, and diagnoses of pregnant women evaluated for acute headache are scarce. 16, 17 We aimed to study a large number of pregnant women presenting with acute headache to the inpatient setting to better characterize demographics, comorbidities, symptoms, examination findings, rates, and risk factors of primary and secondary headache diagnoses.
METHODS This study was conducted as a chart review of neurologic consultations for pregnant women aged 18 years and older presenting with acute headache to the emergency department, labor and delivery triage, or antepartum units of the Jack D. Weiler Hospital of Montefiore Medical Center in the Bronx, NY, an urban, tertiary referral center.
All neurology consultations requested by the obstetrical team for acute headache from July 1, 2009, through June 30, 2014, were reviewed in detail retrospectively. All consultations were performed by a team that comprised a neurology resident and a teaching service attending participating in this research.
Measures ascertained from the chart review included demographic variables such as age and ethnicity, pregnancy features including parity, gestational age, trimester, antepartum complications, and history of medical, neurologic, and obstetrical illnesses. Details related to headache history and acute headache symptoms were reviewed including pain location, laterality, duration, attack frequency, associated symptoms including nausea, vomiting, photophobia, phonophobia, triggers, aura, and aggravating and relieving factors. Elevated blood pressure was defined as a single measurement of the systolic blood pressure $140 mm Hg or a diastolic blood pressure $90 mm Hg. Fever was defined as a single temperature $100.4°F. Neurologic examination abnormalities were reviewed and further distinguished based on their relevancy to the acute headache syndrome with associated features. For example, numbness in the first 3 digits of the hand in a patient with carpal tunnel syndrome would be classified as an abnormal neurologic examination finding, but not one referable to the acute headache syndrome. However, sensory loss in a limb believed to be acutely numb in the context of the acute headache attack would be classified as both an abnormal finding in general and one referable to the acute headache syndrome. Diagnostic tests were also recorded, including neuroimaging and CSF analysis as performed. Past headache diagnoses and diagnosis of the acute attack with such background in clinical practice were reviewed and final diagnoses were assigned using the International Classification of Headache Disorders, 3rd edition (beta version) (ICHD-3 beta). 18 For simplicity of diagnostic categories, probable migraine without aura and probable migraine with aura were classified as migraine with and without aura, but the presence of entirely new-onset headache and aura was distinguished. A few diagnoses in clinical practice did not fit into the ICHD-3 beta schema, which were noted in the results.
The data were compiled into a confidential Microsoft Excel database free of patient identifiers where descriptive statistics were generated. The statistical analysis was performed using SPSS Statistics, version 21 (IBM, Armonk, NY). Subgroup proportions were compared using x 2 or Fisher exact test depending on cell size, and subgroup means were compared using an unpaired t test. Using binomial logistic regression, we assessed the dichotomous outcome of secondary vs primary headache as the dependent variable with independent variables having a p value ,0.20 in univariate analyses, excluding categorical variables where any cell size was ,2. Statistical significance for all analyses was defined as a p value #0.05.
Standard protocol approvals, registrations, and patient consents. Approval from Montefiore Medical Center's institutional review board was obtained before study initiation. Informed consent from patients was not required based on the retrospective review of medical records.
RESULTS
Clinical assessment. Over the 5-year period, we evaluated 140 pregnant women presenting with acute headache. The women had a mean age of 29.4 (66.4) years and were mostly African American (39.3%) or Hispanic (36.4%). On average, the patients had 3.8 (62.6) pregnancies and 1.3 (61.3) previous live births, with 15.0% primigravidas, 32.6% multiparas ($2 viable pregnancies), and 2.8% grand multiparas ($7 births). A history of headache was present in 78.6%. Any neurologic examination abnormalities were present in 30.7%, and 87.9% had neuroimaging. Diagnoses for acute attacks were broadly divided into primary headache (65.0%) and secondary headache (35.0%) ( figure) . Migraine was the most common diagnosis overall, consisting of 59.3% of the sample and 91.2% of primary headache. Within the primary headache group, 57.1% had migraine without aura, 37.4% had migraine with aura, 8.8% had chronic migraine, and 33.0% had status migrainosus. Within the secondary headache group, hypertensive disorders of pregnancy were the most frequently assigned diagnosis (51.0%), predominated by preeclampsia (38.8%). Three patients (6.1%) developed pneumocephalus immediately after spinal/epidural anesthesia 19 and will be described in detail separately.
Patients, demographics, and pregnancy details. The primary and secondary headache groups did not differ by age, race, or number of prior pregnancies (table 1). A third trimester presentation was the most common (56.4%), particularly for patients with secondary headache (67.3%) vs primary headache (50.5%), but was not significant (p 5 0.056). In 3 patients (2.1%), all with secondary headache, the headache presentation led to the discovery of the pregnancy. One patient at gestational week 4 had systemic lupus erythematosus with renal failure and hyperkalemia, the second patient at gestational week 24 had eclampsia with posterior reversible encephalopathy syndrome (PRES) and hemolysis with elevated liver enzymes and low platelet counts (HELLP), and the third patient at gestational week 28 had preeclampsia and HELLP with PRES and reversible cerebral vasoconstriction syndrome.
Medical history. Asthma was the most common medical comorbidity overall and was more likely to be present in patients with primary headache (30.8% vs 14.3%, p 5 0.032). Psychiatric diagnoses most commonly featured depression (7.9%), anxiety (4.3%), and bipolar disorder (3.6%), and as a group were more common with primary headache (24.2% vs 4.1%, p 5 0.0020). Patients with secondary headache were more likely to have nongestational hypertension (12.2% vs 1.1%, p 5 0.0076). Rates of prior venous thromboembolism, preeclampsia in a previous pregnancy, gestational hypertension, and diabetes in the current pregnancy were similarly present in primary and secondary headache groups.
Headache history. Diagnostic rates of past migraine without aura were 59.3%, migraine with aura 11.4%, and chronic migraine 8.6%. Any history of headache was more common in patients with primary headache (86.8% vs 63.3%, p 5 0.0012). In those with a headache history, the patients reported that the acute attack differed from their previous pattern in most cases (84.5%, table 2). The most common difference was longer attack duration (44.5%), presence of associated symptoms including aura (40.0%), increase in severity (30.0%) or frequency (9.1%), or change in headache location (8.2%). In comparison to patients with primary headache, patients with secondary headache were more likely to report prolonged attack duration as their change from past headache (61.3% vs 38.0%, p 5 0.027); other differences were not significant.
Acute headache attack features. Acute headache duration frequently exceeded 72 hours (table 3) , with a location featuring side predominance in 40.0% and throbbing pain in 45.4%, with no differences in patients who had primary or secondary headache. Patients with primary headache were more likely to have phonophobia (59.3% vs 34.7%, p 5 0.005) but had similar rates of nausea, vomiting, and photophobia. Other acute neurologic symptoms. Visual disturbance was the most common associated neurologic symptom (56.4%), followed by somatosensory disturbance (14.3%) and vertigo or dizziness (9.3%). Seizures were present in 12.2% of patients with secondary headache but none with primary headache (p 5 0.0015).
Aura. Aura was present in 39.6% of the primary headache group. Of those women with aura, 69.4% had no history of aura, and most (86.1%) had neuroimaging to assist in ruling out secondary headache. All but 2 patients (tension-type headache, chronic posttraumatic headache) had migraine with aura. Typical visual aura was present in 91.7%, sensory aura in 38.9%, and brainstem aura in 5.6%. Two patients reported transient, isolated hand clumsiness ipsilateral to their contemporaneous sensory aura. Pregnant women presenting with aura did not differ from those without aura in years of age (30.1 6 6.7 vs 28.9 6 6.2, p 5 0.40), number of total pregnancies (4.4 6 2.5 vs 3. ) . The most common incidental findings were a hypoplastic transverse venous sinus (n 5 13), small subcortical white matter hyperintensities (n 5 8), low-lying cerebellar tonsils ,5 mm (n 5 3), unruptured intracranial aneurysm (n 5 2), infundibulum (n 5 2), and enlarged pituitary gland without adenoma or hemorrhage (n 5 2). In the group with hypertensive disorders of pregnancy, patients had no imaging (12.0%), normal imaging (36.0%), an incidental or unrelated imaging finding (28.0%), or imaging revealing PRES in isolation (20.0%) or PRES with reversible cerebral vasoconstriction syndrome (4.0%).
Variables independently associated with secondary headache. Using binomial logistic regression, we modeled the independent associations of select demographic and clinical variables (tables 1 and 3) with secondary headache (table 4) . Secondary headaches were associated with blood pressure elevation and lack of a history of primary headaches. Primary headaches were more likely in persons with psychiatric comorbidity and phonophobia. A referable neurologic examination abnormality did not independently predict secondary headache. We did not assess for the independent effects of fever or seizures since none of the patients in the primary headache group had these potential associated factors. 
DISCUSSION
We reviewed all neurologic consultations over a 5-year period for acute headache in a mostly African American and Hispanic population of pregnant women, yielding rates of primary headache at 65.0% and secondary headache at 35.0%. A third trimester presentation was typical. Pregnant women with secondary headache were more likely to lack a history of headaches and to present with seizures, high blood pressure, fever, and an abnormal neurologic examination, all established red flags in headache diagnosis. 20 The presence of hypertension conferred the greatest independent association with secondary headache, likely driven by preeclampsia and related disorders. The lack of headache history also conferred a strong independent risk. A referable abnormal neurologic examination was more often present in patients with secondary headache but was not an independent risk factor, in part because of frequent sensory abnormalities occurring in migraine with aura. In addition, neurologic abnormalities are likely associated with elevated blood pressure and headache history, reducing their influence in the final model. The presence of a psychiatric diagnosis was independently associated with a primary headache diagnosis, which was expected given the established psychiatric comorbidity of migraine. 1 Aside from a lack of phonophobia and a self-report of increased headache duration relative to past headache, secondary headache features did not differ from those of primary headache. A diverse set of headache diagnoses was captured, although migraine and preeclampsia were most frequently encountered. Because more than one-third had a secondary headache disorder, and nearly one-fifth of patients had abnormal neuroimaging that led to the diagnosis, a low threshold for neuroimaging may be justified. In addition, since the headache and related symptoms of preeclampsia and migraine may overlap, close follow-up with monitoring for signs of preeclampsia is also reasonable.
Our study can be compared to 2 other investigations of acute headache in pregnancy. Ramchandren et al. 16 reviewed 63 pregnant women presenting to an emergency department with headache, two-thirds of whom received neurologic consultation and all had neuroimaging, yielding 26.9% with secondary headache. An abnormal neurologic examination was more common in patients with secondary headache, but this did not reach significance. Semere et al. 17 reviewed 60 pregnant women mostly seen in acute care settings referred for neuroimaging during pregnancy, including 42 receiving neurologic consultation. The mean gestational age (27 weeks) and rate of third trimester presentation (53%) was similar to our study, and 14.3% of those with headache had secondary headache.
Melhado et al. 3 conducted a large prospective study of 1,029 pregnant women in a variety of obstetrical settings, also utilizing International Headache Society classification. 21 Although they did not focus on acute severe headache, a subgroup of 76 women experienced new-onset or a new type of headache in pregnancy, of whom 52.6% had secondary headache. As in our study, the most common diagnoses were migraine (34.2%) and headache attributed to hypertension (32.9%). Table 2 Among women with a history of headache, reported differences in the acute attack during pregnancy relative to the headache history Nearly a quarter of the patients in our study did not have a history of headache, and the remainder of the patients reported a change in their preexisting headache pattern or symptomatology. These factors may have led our pregnant patients to seek care in the acute hospital setting. Even if previously diagnosed with migraine, patients who seek acute care in the emergency department may have more severe and prolonged headache attacks, diagnostic uncertainty, and a lack of access to headache care in the outpatient setting. 22 Our patients may have had similar motivations for seeking acute care, and particularly for pregnant patients with headache, our study demonstrates that this is an important issue for resource utilization, as the overwhelming majority of patients were referred for urgent neuroimaging, particularly MRI, as CT is typically avoided because of radiation exposure. 23 In addition, safe treatment of headache during pregnancy is an unmet need by established medical therapies, 24, 25 which may also yield a higher rate of presentation to the acute care setting.
Our study is also a reminder that screening for pregnancy with directed questioning or urine or serum testing 26 is important for any woman of childbearing age presenting with acute headache, as the pregnancy status influences diagnostic and therapeutic approaches. The 3 patients presenting with undiagnosed headache in our study all had secondary headache diagnoses with elevated morbidity and mortality requiring immediate management.
The strengths of our study include the large sample size, high amount of clinical detail, utilization of the ICHD-3 beta for diagnosis, high rates of neuroimaging for diagnostic certainty, and the diverse diagnoses captured. Our sample may be representative of some urban hospital-based neurologic consultation clinical practice settings for acute headache in pregnancy in the United States. The main limitations are the retrospective review of records and a lack of generalizability to a general obstetrical or outpatient neurology practice setting. The high rates of African American and Hispanic women may have influenced rates of preeclampsia. 27 Routine cases of primary headache easily treated with first line acute therapies or typical preeclampsia may not have been referred for neurologic consultation, leading to our sample including more atypical and severe clinical presentations. We also did not assess for regular prenatal care, which may be suboptimal in an underserved urban population and influence diagnostic rates in acute care. Prospective studies to better capture the general obstetrical population and pregnancy outcomes are indicated.
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